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Roentgenographic examination of the female pelvic
organs after gas inflation has been rather extensively
employed during the last eighteen months in the clinic
of obstetrics and gynecology of the University of
Michigan Hospital. Previous reports on this compara-
tively new diagnostic method purposely dwelt on the
technic of the procedure as it has been developed in
this clinic. It was felt that first of all it must be
determined whether transuterine and transabdominal
gas inflation under proper aseptic technic is attended by
dangers serious enough or so unavoidable as to pre-
clude gas inflation as a justifiable or practical diagnostic
method in obstetrics and gynecology.
As case after case was added to the list under the

technic employed without the slightest peritoneal irri-
tation resulting, it was felt that the safety of the method
had been established beyond the shadow of a doubt.
Naturally, the next question to be answered, as clinical
material has accumulated, is the value of gas inflation
as a diagnostic procedure. In what proportion of
cases is it of real value in establishing or confirming the
preoperative diagnosis? In short, is this new procedure
a fad and therefore transitory, or is it a valuable aid
to pelvic diagnosis, not to be depended on alone but as
a help in making the diagnosis of pelvic conditions
more accurate, so that the physician is in a better posi¬
tion in a given case to decide on the line of treatment
to be employed? It is to answer these and other
interesting questions connected with gas inflation, that
the present attempt has been made to draw conclusions
from certain groups of the 325 patients in whom infla¬
tion was performed for various reasons from July 1,
1920, to Dec. 1, 1921.
Obviously, since the only way of determining the

correctness of diagnoses arrived at by bimanual exam¬
ination and the roentgen ray is by direct palpation
through an abdominal incision, only those patients
operated on after gas inflation can be considered. Of
the 325 patients subjected to pneumoperitoneal roent-
gen-ray examination, 152 were operated on through the
abdomen. In fourteen cases, for one reason or another,
excessive or uncontrollable moving of the patients, too
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little gas in adipose patients, etc., the roentgenogram
from a technical standpoint was so poor as to be
worthless. There remain 138 cases in which the
clinical and roentgen-ray diagnoses were carefully
made and recorded prior to operation.
Before judging the value of the pneumoperitoneal

roentgenogram as an aid to preoperative pelvic diag¬
nosis, it will be well to state just how these roent-
genographic diagnoses were made, and to set forth the
criteria adopted in arriving at decisions as to whether
the diagnoses were correct or otherwise. As has been
explained at some length in previous communications,
the rule of the clinic has been to use the transuterine
gas inflation route whenever possible. It was felt that,
aside from the question of sterility, it was of the great¬
est practical interest in every pelvic case to be able to
state definitely whether the fallopian tubes were or
were not permeable. However, no chances are taken
to determine this fact. Whenever there is a history of
acute pelvic infection, or in the presence of a bloody or

purulent uterine discharge, the transuterine route is
decided against and the gas is injected by the trans-
abdominal route.
To show the conservatism of the clinic in this regard,

out of the 138 operative cases after gas inflation, the
gas was introduced seventy-three times through the
abdomen as an elective procedure. In forty-three cases
the gas was passed through the uterus and tubes in
quantities sufficient for roentgen-ray purposes. In
twenty-two cases the transuterine route failed, and the
gas was injected through the abdominal wall.
The routine of gas inflation is as follows : A careful

history is taken of each patient. There have been no

exceptions to this rule, since the determination of the
route for gas inflation depends largely on the history.
Whenever there is a history of acute or subacute pelvic
inflammation, since it is the rule not to subject such
patients to transuterine gas inflation, it is carefully con¬
sidered whether such a patient is suitable for even
transabdominal gas inflation. If the pelvic inflamma¬
tion is acute, it is deemed a case unsuited for any form
of inflation. If it is one of subacute pelvic inflamma¬
tion, if there is no rise of temperature or pulse rate
after a bimanual examination, transabdominal gas
inflation is resorted to in the large majority of cases.
While it is not believed that there is any particulardanger of forcing the contents of the fallopian tubes

into the pelvic cavity by gas inflation under moderate
pressure, to be on the safe side, as stated before,
transuterine inflation is ruled out in the presence of
profuse purulent uterine discharges, and when there is
a hemorrhagic discharge from the external os.
No patients with serious circulatory changes have

been inflated. Even when moderate amounts of gas
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are introduced into the abdominal cavity, it can readily
be seen that the sudden rearrangement of the abdominal
organs resulting from the gas inflation, together with
upward pressure on the diaphragm, might well embar¬
rass a diseased and badly acting heart, and possibly
give rise to alarming symptoms, if not leading to fatal
results. For the same reason, great care has been
taken not to use gas inflation in the presence of large
uterine or ovarian tumors. Not only might the pres¬
ence of the gas produce the symptoms just referred to,
but in reality there is very little to be learned from the
pneumoperitoneal roentgenogram under such condi¬
tions.

The greatest care is used in the presence of suspected
bowel adhesions to the abdominal wall. Either a site
reasonably certain to be free from such adhesions is
selected for the abdominal puncture, or the case is
deemed unsuitable for transabdominal gas inflation.
In short, every case is critically gone over pro and con

prior to gas inflation ; and, if there is any doubt, the
procedure is decided against and the patient is oper¬
ated on without the inflation.
At the beginning of our work with the pneumoperi¬

toneal roentgenogram, Dr. Van Zwaluwenburg and I
agreed that we would work out our diagnoses inde¬
pendently. This arrangement was entered into deliber¬
ately, since neither the clinician nor the roentgenologist
desired to be influenced by the other's opinion so far as

diagnosis was concerned. This was hardly fair to
cither, but was particularly unfair to the roent¬
genologist. who, without the specialist's knowledge of
pathologic conditions of the pelvis, attempted to inter¬
pret what he saw on the roentgen-ray film. As will
be shown later in reviewing the roentgenographic diag¬
noses, it was remarkable in what proportion of cases,
as shown by subsequent operation, correct diagnoses
Avere made by Dr. Van Zwaluwenburg. working in
practically a new field and with no knowledge of the
clinical histories of the cases.
The details of vagino-abdominal and recto-abdominal

examinations without anesthesia were carefully
recorded and the tentative diagnosis made for each
of the 138 patients subsequently operated on. An
attempt was made to have these preoperative diagnoses
very accurate. For instance, the size, position and
movability of the uterus were recorded. The same was
done with the appendages. If for any reason it was

impossible to palpate either ovary or tube, it was so

stated, and the same with adhesions. Such indefinite
terms as "pelvic inflammatory." "tubai masses" and
"thickened broad ligament" were discarded in favor of
accurate findings and diagnoses.
The roentgen-ray report was sent to the departmental

office and studied in connection with the recorded
physical findings in a given case. It was then decided
whether or not the case called for operation. If the
case was operative, the patient was always carefully
examined under anesthesia and these findings were
recorded. This is only fair when accurate determina¬
tion of the pelvic contents is being attempted, since in
so many instances in a certain class of patients, rigid
abdominal walls prevent satisfactory pelvic examina¬
tion. However, it is well to bear in mind that the
roentgen-ray report was not allowed to influence the
examination under anesthesia, so far as the findings
were concerned. If an ovary or tube could not be felt,
or if it was determined that no adhesions existed, it
was so recorded.
In order to compare the clinical with the roentgen-

ray diagnoses, the most difficult class of cases from the

diagnostic standpoint has been selected for compara¬tive study. Of the 138 operative cases there were fifty-
four of salpingitis with adhesions, and these have been
carefully analyzed. It must be borne in mind that in
stating that diagnosis is difficult in this particular dis¬
ease of the pelvis, the word is not used in its ordinary
sense. Clinically it is not at all difficult to determine
whether or not a patient has salpingitis or probably has
the condition. Especially is this true in severe types
of the disease in which the uterus is immovable or its
movability is impaired, when there is distinct inflamma¬
tory thickening at one or the other side of the uterus.
Minor degrees of tubai enlargement, with or without
adhesions, may or may not be felt by the examining
finger. From experience with hundreds of cases, veri¬
fied by subsequent laparotomy, the gynecologist may
judge that the tube and possibly the ovary is affected ;
but in many cases the examining finger is absolutely
unable to outline these organs, which are backward in
the pelvis and to one side and covered with plastic
lymph. In quite a percentage of cases such a condition
exists on one side, while the tube is enlarged and
adherent and easily palpated on the other.

So difficult has been the differentiation of the
appendages or portions of the appendages in certain
types of inflammatory disease of the pelvis that in
many instances it is not attempted at all, but accurate
diagnosis is reserved until the pelvic contents can be
palpated through the abdominal incision. Now it can¬
not be denied that such a course is one of intellectual
cowardice. It is dodging the question of preoperative
diagnosis because of attendant difficulties which the
gynecologist should strive to overcome, if possible.
The clinical diagnosis in relation to the fifty-four

cases of tubai disease relates to this more accurate pre¬
operative diagnosis, and should be considered in this
connection ; otherwise it would be inexcusable for the
specialist to fail to make a diagnosis in such a large
percentage of the cases. In other words, failure does
not mean that the clinician did not know he was deal¬
ing with pelvic inflammation, but that he failed in part
to state definitely what organs were affected by the
inflammatory process.
In fifty-four cases of salpingitis with or without

adhesions, in the sense defined above, the clinical diag¬nosis was correct thirty-three times, or 61 per cent, of
of the cases. In seventeen cases it was partially cor¬
rect, and in four cases it was incorrect in that no inflam¬
matory tubai disease was found prior to the operation.
Turning to the roentgen-ray diagnostic side of the
question, it was found that, in the type of pelvic dis¬
ease under consideration, tubai disease was correctly
diagnosed twenty-four times, or in 44 per cent, of the
cases. In twenty-one cases out of the fifty-four
patients with salpingitis, or 39 per cent., the roentgen-
ray diagnosis was partially correct, while in nine cases,
or 17 per cent., it was incorrect.
It seems to me that, all things taken into considera¬

tion, this is a very creditable showing for this new aid
to pelvic diagnosis, and holds out great hope for greater
accuracy in the future, since these statistics were made
up from all operative cases of salpingitis with adhesions
when the roentgenologist had to feel his way in making
a diagnosis. Again, great improvement in diagnosis
may be expected from now on, since the future plan of
the two departments will be to furnish all factors in
the cases before the final diagnoses are made prior to
operation. For example, the clinician provided with
the history of the case plus the bimanual findings goes
over the film with his roentgen-ray colleague and aids
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in the interpretation. In one instance he will point
out that there is no history of inflammatory pelvic dis¬
ease, and that the shadow seen low down in the pelvis
is probably a cystic ovary and not salpingitis with
adhesions ; again, that the uterus which is enlarged and
backward probably is not due to pregnancy since no
menstrual period has been missed.
It is well to call attention to the fact that even as the

roentgen-ray diagnosis has improved and will still
further improve with added experience, the clinical
diagnosis, even under the rigid conditions laid down
for correctness in diagnosis, has improved nearly 10
per cent, in the last twenty cases under analysis. This
demonstrates how valuable is the pneumoperitoneal
roentgenogram in that a study of the films in conjunc¬
tion with careful bimanual examinations leads to better
interpretation of the next case by the examining finger.
It may be urged that such refinements of diagnosis

are hardly necessary, since an abdominal incision will
clear up all doubts. A little consideration will show
this reasoning faulty, and especially unfair to the
patient. An exploratory laparotomy may be compara¬
tively free from danger, but not entirely so. The phy¬
sician is in duty bound to save his patient from
unnecessary pain, anxiety and expense, and thus should
welcome any additional aid to diagnosis.
The well known fact that, in a certain percentage

of cases, the ordinary methods of pelvic examination
fail to reveal certain types of pelvic disease causes the
examiner to hesitate and take the easiest course,
exploratory laparotomy, in the presence of pain or
other lower abdominal symptoms—this, even when he
can find nothing and really feels there is nothing patho¬
logic in the pelvis. If his negative pelvic findings are

supported by a pneumoperitoneal roentgenogram show¬
ing normal pelvic contents, he will refrain from a

useless exploratory operation and seek another explana¬
tion for the existing symptoms.
At least, this is the trend of our practice in the clinic

since the advent of the pelvic roentgenogram. In fact,
it has been found that this new method of diagnosis
has been of the utmost service in doubtful cases, when
something is felt by bimanual examination but not
enough to make one positive as to diagnosis ; when
nothing, or practically nothing, is palpated, but the
roentgenogram discloses a distinctly pathologic condi¬
tion ; in short, in those cases in which one would gladly
palpate through an abdominal incision in order to arrive
at a correct diagnosis. The pelvic roentgenogram plus
the careful bimanual examination is the next best thing
to this direct palpation, and in time, with added experi¬
ence, may be almost as effective.
A case illustrative of what is meant is being investi¬

gated as this paper is written. A woman, aged 21,
healthy, in fact an athlete, has noticed for the last year
something wrong low down in the right side. She has
never had a vaginal discharge, or abdominal pain and
fever. Examination reveals an unruptured hymen, no
signs of infection, and a normal sized uterus in good
position, but of somewhat limited mobility. The left
ovary is of normal size, slightly movable, the tube not
palpable. In the region of the right tube and ovary
and behind in the culdesac to the right of the median
line is an irregular, adherent mass not particularly sen¬
sitive and not well definable on account of the rigidity
of the abdominal walls.
Formerly this patient would have been informed that

she had a pelvic mass, that she should be operated on,
and that the exact diagnosis would be made after the
abdominal incision had been made, in spite of the fact

that this particular patient, because of the probability
of marriage in the near future, has every reason to
demand that the condition of her pelvic organs and the
extent of the operation be told her prior to the
abdominal incision.
In this particular case the pneumoperitoneal roent-

genogram revealed the irregular mass on the right,
adherent to intestinal coils, presumably the tube and
ovary, since these organs gave no shadow. The left
ovary and tube were enlarged and adherent. The
roentgen-ray diagnosis was bilateral salpingitis, more

marked on the right side.
The patient has been informed that she has trouble

with both appendages, more marked on the right ; that
she may and probably will have to sacrifice the right
tube and ovary, but that part of the left probably can
be saved. While all the facts in this particular case

have not been ascertained by clinical and roentgen-ray
diagnostic methods, for there is no history of pelvic
infection further borne out by the unruptured hymen,
the condition öf the appendages is well enough known
to permit an intelligent discussion of the case with the
patient prior to operation.

The pneumoperitoneal roentgenogram has been
extremely valuable as an aid to diagnosis in early
cases of pregnancy—-from the sixth to the ninth or

tenth week. In these early weeks of pregnancy, the
expert examiner may detect enlargement and softening
of the uterus, but he is very loath to say more than that
he suspects pregnancy or that the condition is very
suspicious of pregnancy. Especially is this true if
skipping of the period is admitted. His suspicions are
made quite positive if the pneumoperitoneal roentgeno¬
gram reveals an enlarged uterus and isthmus. In eight
cases of pregnancy from the sixth to the tenth week,
the condition was positively diagnosed by the roent¬
genogram without knowledge of the history or the
vaginal examination findings. In each instance the
diagnosis was confirmed by the subsequent history.
The roentgen-ray picture of early pregnancy shows

almost uniformly an enlargement of the isthmus, the
cross-section of the uterus at a point corresponding
with the lower uterine segment. Not only is the isth¬
mus enlarged in the long axis of the uterus, but it is
shown to stretch out on the sides toward the broad liga¬
ments. In pregnancy advanced more than ten weeks,
this thickening of the isthmus is very marked, so that
beyond the tenth week pregnancy can invariably be
recognized by the pneumoperitoneal film at a time long
before the fetal bones can be demonstrated. This
diagnostic sign is especially valuable in cases of fibroids
complicated by pregnancy. Again, the absence of the
sign is valuable in demonstrating the nonpregnant
uterus, when menstruation ceases at the menopause,giving rise to great mental disturbance in patients who
have been exposed to and fear pregnancy.
Time does not permit a description of other pelvic

conditions, such as fibroids with and without diseased
appendages, small plevic growths, unruptured ectopie
pregnancies, etc., in which the pneumoperitoneal roent¬
genogram has proved invaluable as an aid to diagnosis.
It is realized that this work is just beginning, and that
the interpretation of such films will improve as they
are numbered by the thousands instead of by the hun¬
dreds. Even at the present stage of the study, the
pneumoperitoneal roentgenogram has become an
invaluable aid in the clinic, and would be dispensed
with only with the greatest reluctance, aside from the
indispensable aid of pneumoperitoneum itself in deter-
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mining the patency or nonpatency of the fallopian
tubes in cases of suspected or actual sterility. How¬
ever, this is another subject and will be left for subse¬
quent discussion.
620 Forest Avenue.

TUBERCULOUS EMPYEMA

LEWIS H. McKINNIE, M.D.
COLORADO SPRINGS

It is generally conceded that the tubercle bacillus can

produce a purulent effusion in the pleural cavity\p=m-\a
purely tuberculous empyema\p=m-\andit may be assumed,
for practical purposes, that there is always an under-
lying lung tuberculosis. These two considerations
being granted, the contraindication for open drainage
in the treatment of these cases is obvious. In many
instances, other organisms are associated with the
tubercle bacillus in the pleural fluid: mixed infections;
but the underlying pleural and pulmonary tuberculosis
still constitute a strong contraindication to thoracotomy.
The resection of one or more ribs to facilitate drain-

age of the thoracic cavity was brought into general use
by K\l=o"\nigin 1872. The mortality of empyema was at
once materially lowered by rib resection, and it is not
surprising that this operation was believed to be indi-
cated whenever pus was found in the pleural cavity.
In the course of the next twenty years, objections
began to appear from many observers to the use of
open drainage in empyema occurring in patients with
pulmonary tuberculosis. It was found that the pleural
cavity failed to close ; that a sinus persisted, and that
the tuberculosis in the lungs frequently became more
active and progressed rapidly to a fatal termination.
Even if this did not occur, chronic suppuration almost
invariably continued indefinitely, extensive thoracoplas-
tic operations being required in attempts to obliterate
the rigid and infected pleural cavity. Fowler x recorded
the growing dissatisfaction with this situation, stating
that "Franzel, Fielding and Senator entirely discoun¬
tenanced thoracotomy and rib resection in tuberculous
cases, preferring repeated puncture." Since then, the
indications for open drainage of tuberculous empyemas
have been gradually but markedly restricted.
The bacteriology of thoracic empyema came in for

early study both by cultures and by stained smears ;
but as the tubercle bacillus did not grow with ordinary
culture methods and was often hard to demonstrate in
the smear, it was frequently overlooked. In Lord's 2

series of purulent effusions, 18 per cent, were noted as

sterile ; and although it was recognized that many of
these cases were probably tuberculous, even the
approximate number was not indicated. Calmette
states that tubercle bacilli are not numberous in tuber¬
culous empyema, while Letulle notes that they may Be
present in inconceivable numbers in this condition.
The general expression in the literature indicates that
while the tubercle bacillus is often difficult to find in
the serous effusions, they are more numerous and more

easy to demonstrate in the purulent cases. This coin¬
cides with our experience. Repeated search should
show them in most instances. The literature on the
pathology of tuberculous purulent effusions is very
limited. Peron :1 describes empyema tuberculosa, and

1. Fowler, G. R.: Thoracic Surgery in Tuberculosis, Ann. Surg.,
1896, p. 541.

2. Lord, F. T., in Osler's Modern Medicine, Philadelphia, Lea &
Febiger 3: 833, 1907.

3. Quoted by MacCallum, W. G., in Osler's Modern Medicine 3: 222,
1907.

Calmette,4 in his recent work, writes of cold abscess of
the pleura, associating it with destructive tuberculous
lesions elsewhere in the body. Letulle,5 in a very
clear account of tuberculous empyema, describes the
character of the pus and of the deep infiltrating caseous
lesions found with this exúdate, and ascribes to it a bad
prognosis. The determining factor in producing a

purulent rather than a serous exúdate, containing onlytubercle bacilli, is probably to be found in the amount
of infectious material suddenly poured into the pleura,
as would occur with the rupture of a caseous focus.
In other words, the question appears to be one of
dosage.
Assuming a purulent effusion of the pleura, not

definitely metapneumonic or postinfluenzal, the greatest
care should be used to exclude tuberculosis before insti¬
tuting open drainage, since cases of empyema showing
no tubercle bacilli almost universally heal promptly,
while those having tubercle bacilli rarely do so. Care¬
ful and repeated search for tubercle bacilli in the
pleural fluid and also in the sputum should be made.
The lungs should be carefully examined and the past
and present history considered with the possibility of
pulmonary tuberculosis. So-called sterile pus will, of
course, be considered a strong indication of the tuber¬
culous nature of the effusion; but the presence of pus
organisms does not necessarily argue against a tuber¬
culous basis. The demand for immediate open drain¬
age in empyema is rarely so great as to preclude
sufficient time for such investigation. Even in the
most careful hands, occasional mistakes are made. The
sputum is negative for tubercle bacilli ; the aspirated
pus is negative for tubercle bacilli ; the pleura is
drained, but fails to close. Tubercle bacilli later are
found in the discharge.

Cases which are purely tuberculous may develop in
various ways. They may begin insidiously, coming to
light in the course of routine examinations. As Bab-
cock 6 stated some years ago, "A consumptive may be
none the worse for carrying about a pint or more of
innoxious pus in his pleural cavity." An effusion which
at first is found to be serous may be found after one or
more tappings to have become seropurulent and later
purulent. Such an event may develop in the course
of artificial pneumothorax treatment of pulmonary
tuberculosis.
The introduction of artificial pneumothorax has

added materially to our knowledge and experience with
tuberculous empyema. Serous effusions eventually
occur during the course of artificial collapse in the
majority of instances, and approximately 5 per cent,
developed purulent effusions. Many of these are the
direct result of lung rupture, and not infrequently are
converted into the spontaneous type of pyopneu-
mothorax.
Artificial pneumothorax has taught us that, first,

a diseased lung can be collapsed with benefit and
should be reexpanded with great caution, and, secondly,
the development of a turbid or even purulent effusion
in the course of a pneumothorax treatment is not neces¬
sarily serious, and this condition can best be met byaspiration and replacement by air. The rupture of a
caseous focus of the lung or bronchial glands, rich
in bacilli and toxins, results in a stormy onset with high

4. Calmette, A.: L'infection bacillaire et la tuberculosa, Paris,
Masson & Cie, 1920.

5. Letulle: La tuberculosa pleuro-pulmonaire, Paris, A. Maloine et
Fils, 1916.

6. Babcock: Diseases of the Lungs, New York, D. Appleton & Co.,
1907, p. 512.
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